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Abstract: We present the fabrication and characterisation of an integrated optical read-out scheme 
based on single-mode waveguides for cantilever-based sensors. The cantilever bending is read out by 
monitoring changes in the optical intensity of light transmitted through the cantilever that also acts as a 
waveguide. The complete system is fabricated in the photo-sensitive polymer SU-8. We show 
theoretical calculations on the expected sensitivity both when operated in air and liquid and compare 
these with experimental characterisation of the system in air where the cantilever is deflected 
mechanically. The experimental results compare well with the results obtained from the theoretical 
calculations.  
 
 
Micro-meter sized cantilevers were first developed with the invention of the scanning force 
microscope [1] where the high sensitivity of these µm-sized devices to interactions with 
nearby surfaces is taken advantage of. One branch of the cantilever research field has since 
then, via the advancements in atomic force microscopy targeted different sensing applications 
[2]. The principle of detection is to monitor the bending of the cantilever due to the generated 
surface stress when the target is immobilised on one surface of the cantilever. Cantilever 
sensors find relevant applications such as detection of DDT [3] for environmental control and 
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detection of explosives [4]. For such applications it is beneficial to have a portable sensor 
system. To achieve true miniaturisation the cantilevers must be fabricated with an integrated 
read-out to avoid the use of bulky external measurement set-ups. One such approach has been 
to fabricate a piezo-resistive read-out scheme, which has been applied for both Si and 
polymer cantilevers [5, 6]. Here, we show the development of an integrated optical read-out 
scheme where the cantilever deflection is read out by monitoring the intensity of light 
travelling through the system via the cantilever. A similar system has been presented by 
Zinoviev et al. [7] with the cantilever fabricated in SiO2 and the waveguides structured in 
Si3N4. However, Si cantilevers are very stiff which is a disadvantage when performing static 
deflection measurements and a cantilever material of a lower Young´s modulus is desirable. 
SU-8 provides optimal mechanical properties while providing the means for fast fabrication 
by photolithography. Here we show a system with integrated optical read-out completely 
fabricated in the polymer SU-8. SU-8 is also suitable for the optical features of the system 
because the coupling loss is only 0.25 dB/facet and the propagation loss is only 1 dB/cm at 
1310 nm.  
 
 
Figure 1. The light travels through the system, via the cantilever that also acts as a waveguide and it is 
collected in the opposite side.  
 
The wavelength of operation of this system is 1310 nm and the light is butt- 
coupled into and out of the system via single-mode fibres with a core diameter of 9 µm 
(UNCON, USA). After entering the system, the light is guided via the 10-µm-wide input 
waveguide towards a region where the free-hanging cantilever is situated, figure 1. The input 
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waveguide and the cantilever are in the same plane and when the light exits the input 
waveguide it travels across a 5- m-wide gap towards the cantilever. The light is coupled into 
the cantilever and continues, via the 10-µm-wide output waveguide, out of the system. As the 
cantilever bends, the amount of light that can couple into the cantilever waveguide is reduced 
and the intensity of the output light falls off. This work presents both a theoretical treatment 
of the sensitivity of the read-out system as well as a comparison with experimental results.  
 
The read-out sensitivity of the sensor system is calculated by modelling the mode profiles of 
the four different regions the light passes through and applying overlap integrals in-between 
them, using the Gaussian approximation of the mode profiles [8]. The four regions are shown 
schematically with their respective dimensions and refractive indices in figure 2. The light 
mode is confined to a specific mode field diameter (MFD) in region 1, 3 and 4 due to the 
constant index step.  
 
 
Figure 2. The different regions with their respective refractive indices that the light travels through.  
 
In region 2 the beam waist, w(l), can spread as it travels a distance l from the input waveguide 
towards the cantilever, according to equation 1.  
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Where w0 is the initial beam waist and  is the wavelength of operation.  
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The coupling efficiency is found from the expression;  
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Where 1-4 is the mode profile in the respective regions, l is the distance travelled, d is the 
cantilever deflection, xwgout is the half-width of the output waveguide, y is the half-height 
of the cantilever-waveguide layer and xcant is the half-width of the cantilever.  
 
At zero deflection of the cantilever and with air being the medium in-between the cantilever-
waveguide and the output waveguide, approximately 40% of the input light is transmitted 
through the system. Due to the large index step between the SU-8 and the air, the light is well 
confined inside the cantilever waveguide. Therefore it is assumed no significant radiation 
losses occur when the light travels through the cantilever, even at a maximum deflection of 9 
µm. Figure 3 shows a comparison between the read-out sensitivity when the intermediate 
medium is air or water. It can be seen that the coupling efficiency is increased when the 
medium is changed from air to water due to the reduced index contrast when the light couples 
into the output waveguide.  
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Figure 3. When the medium between the cantilever-waveguide and the output waveguide is water (or 
buffer solution) instead of air, the optical output is increased due to the reduced refractive index 
difference.  
 
The system is an all-polymer device. The cantilever and waveguide core are structured in SU-
8 2005 (MicroChem, USA), which has been reported in the literature to have a low 
propagation loss combined with providing high cantilever sensitivity [9 - 11]. For cladding 
material the modified SU-8, mr-L 6050 XP (MicroResist, Germany) is used. This material 
combination has been shown to be highly suitable for the fabrication of MOEMS devices 
[12]. Moreover, methods have been developed to immobilize biomolecules directly onto SU-8 
without the need for an Au layer that usually results in large drifts due to the bi-morph effect 
[11, 13]. Figure 4 shows a SEM image of the final chip with two cantilevers situated in the 
microfluidic channel.  
 
 
Figure 4. SEM image of two free-hanging cantilevers in the microfluidic channel.  
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The read-out method is characterised by mechanically deflecting the cantilever a known 
distance while monitoring the optical output intensity. A 1310 nm laser source (HP 81552SM, 
Hewlett Packard, USA) is used as input and the intensity is detected by a lightwave 
multimeter (HP 81532A, Hewlett Packard, USA). The cantilever is deflected by pressing onto 
the apex with a tungsten probe mounted in a custom-made set-up where the vertical 
displacement is controlled with sub-micron resolution. There is a drift in the system of -0.2 
nW/s due to a small drift of the micrometer screw and the photo-detector has a noise level of 
+/- 0.5 nW when operated at this intensity level. Both these values are found experimentally 
from the measurements. Figure 5 shows a comparison between the theoretically calculated 
read-out and the experimentally obtained data points when operating the system in air.  
 
Figure 5. Comparison between calculated and measured values of the sensitivity. When operated in the 
most sensitive region, a cantilever deflection of 45 nm can be resolved. 
  
In the most sensitive region, at a cantilever deflection of 3-5 µm, the calculated minimum 
detectable cantilever deflection is found to be 45 nm. This value is found by considering a 
noise level of +/- 5 nW. The cantilever used in this experiment is 75 µm wide, 100 µm long 
and 4.5 µm thick, so this deflection corresponds to a surface stress of 0.19 N/m. This 
sensitivity can be further improved by using an optical set-up with a lower noise level and by 
fabricating a longer cantilever since the length of the cantilever does not affect the coupling 
efficiency. 
This work shows the development of an integrated read-out for cantilever-based sensors. 
The read-out is based on fabricating a cantilever waveguide in the polymer SU-8. The use of a 
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polymer enables increased cantilever sensitivity due to the low Young´s modulus of the 
material. SU-8 is also well-suited as waveguide material with a propagation loss of only 1 
dB/cm at 1310 nm. Moreover, the use of a polymeric material enables the direct binding of 
the analytes onto the cantilever [10,12]. This read-out mode offers a very straight-forward 
operation since it is only the intensity changes of the output light that is monitored without 
considering any phase changes or effects of birefringence. However, two aspects that have not 
been investigated yet and that might present an issue are the changes of the refractive index of 
the waveguide core upon surfaces stress change of the cantilever and the continuous change 
of the mode profile of the cantilever-waveguide with changes in the buffer solutions during 
operation.  
 
Here, proof-of-principle is shown for the read-out method by monitoring the output signal as 
the cantilever is mechanically deflected. A good fit is seen between theoretically calculated 
values and the data obtained experimentally from the characterisation. The presented all-
polymer system presents a great potential for the development of portable sensors with fully 
integrated and highly sensitive optical read-out. 
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